The iV-terminal amino acid sequence of residues 1 -50 of sheep heart myoglobin was determined using the automatic E d m a n degradation procedure. The amino acid phenyl-thiohydantoins were identified by thin layer chromatography and/or by mass spectrometry.
A partial amino acid sequence of sheep heart myoglobin has been published by K. HAN et al. 1 . The TV-terminal sequence of residues 1 - 16 has not yet been determined since the V-terminal peptide appeared to be part of an insoluble core formed during tryptic digestion. In this case it seemed promising to apply the automatic E d m a n degradation procedure 2 to establish the amino acid sequence of the TV-terminal portion of this protein. Sperm whale myoglobin 3 and horse myoglobin from skeletal muscles were used as control proteins under the assumption that the amino acid sequence of the latter protein is identical with that of horse heart myoglobin which has been already investigated 4 .
Materials
Sheep heart myoglobin was isolated from heart muscles of local, randomly bred sheep according to the method of BÜNNIG and HAMM 5 . Horse myoglobin from skeletal muscles was purchased from Serva, Heidelberg, Germany, and sperm whale myoglobin from Pierce Chem. Comp., Rockford, 111., USA. The samples were further purified by chromatography on Sephadex G-100 using 0.05 M Tris/HCl buffer pH 7.95. The haem was removed by the method published by TEALE 6 . The aqueous phase was extensively dialyzed against water at 4 °C and then lyophilized.
Methods
E d m a n degradation procedure: The automatic equipment for the stepwise E d m a n degradation procedure was built under the guidance of Mr. S. STRAUB by the workshop of the "Max-Planck-Institut für Virusforschung, Tübingen", according to the outlines given by EDMAN and BEGG 2 with the following modifications: a) The vacuum system consists of two 2-stages Requests for reprints should be sent to Prof. Dr. F. A. ANDERER, D-7400 Tubingen, Max-Planck-Institut für Virusforschung, Spemannstraße 37/39. rotary gas ballast pumps, one for restricted vacuum and one for full vacuum. With this system a pressure of lxl0 _2 Torr can be obtained at the end of the vacuum steps after the extraction with ethylacetate and after the second extraction with 1-chlorobutane. The ultimate vacuum attainable in the system is approximately 3 x 10~3Torr. b) The bell jar is connected directly with the nitrogen pressure line, operated by a separate valve and no longer via 3-way valve. The oxygen content of the nitrogen was diminished by absorption using an Oxisorb column (Messer-Griesheim, Düsseldorf, Germany) to give a residual oxygen content of 1 ppm. c) The programming unit is a simple set of 26 electromagnetic timers.
Reagents and solvents were purified as described by EDMAN and BEGG 2 but employing an additional redistillation step throughout. All purified samples were kept seperately in sealed glass ampules under nitrogen at -15 °C except for the solvents used for the extraction steps. The purity of trifluoroacetic acid, rc-hepta fiuorobutyric acid and A^,7V,V,A r '-tetrakis-(2-hydroxypropyl) -ethylene-diamine was controlled by NMR-and infrared spectrometry.
Thinlayer chromatography was performed on silica gel (E, Merck, Darmstadt) using the following solvent systems: (a) chloroform/2-chlorethanol 100:2 (v/v), (b) chloroform/aceticacid/methanol 100 : 20 : 3 for those amino acid PTHs which migrate too slow in system (a). All solvents were freshly distilled except 2-chloroethanol which was treated first with solid tris-(hydroxymethyl)-aminomethane over night, filtered and distilled at 12 mmHg.
Mass spectrometry was performed with the LKB 9000 combination gaschromatograph/mass spectrometer. In most cases the use of the gasdiromatograph could be omitted. The mass spectrometer was operated with an electron energy of 70 eV, with an ion source temperature of 250 °C and with an accelerating voltage of 3.5 KV. The mass spectra of the amino acid PTHs were evaluated according to the outlines given by HAGENMAIER et al. 7 .
Results
The automatic equipment used for the Edman degradation studies corresponds to the equipment described in detail by EDMAN and BEGG 2 . Some minor modifications are outlined in the methods section. The general operational procedure was the same as published by the above mentioned authors. It was found to be advantageous to dissolve the samples in 50% aqueous trifluoroacetic acid to give a protein concentration of 2 //moles/ml. Before transferring the sample 0.15 ml ethanol were layered on the walls of the spinning cup. The protein solution containing 0.5 -0.7 /{moles of protein was placed as an overlay on the ethanol film. After replacing the bell jar the solvent was evaporated and the protein film extracted once with 1-chlorobutane followed by another evaporation step before starting the first degradation cycle. No delocation of the protein film could be observed within 50 cycles.
The amino acid PTHs were identified by thin layer chromatography and/or by mass spectrometry 7 . The TV-terminal amino acid sequence of the sperm whale myoglobin sample could be followed by thin layer chromatography up to residue 30 and by mass spectrometry to residue 44 and was found to be identical with the sequence published by EDMUNDSON 3 . The TV-terminal amino acid residues 1-34 of horse myoglobin from skeletal muscles could be identified by thin layer chromatography. Residues 14, 16, 26, 27, 30, 31 were also identified by mass spectrometry. Residues 35 -50 could only be identified by mass spectrometry. The resulting amino acid sequence is identical with that of horse heart myoglobin 4 .
The TV-terminal amino acid of sheep heart myoglobin was found to be glycine and not valine as reported by HAN et al. 1 . The residues 1-44 could be identified by thin layer chromatography and residues 45 -50 by mass spectrometry. Control identifications of residues 13, 24, 31, 37 and 43 by mass spectrometry were also performed. The amino acid sequence of residues 17 -50 was identical with that published by HAN et al. 1 .
The TV-terminal amino acid sequences of sheep heart myoglobin and horse myoglobin from skeletal muscles are given in Table 1 .
Discussion
The automatic Edman degradation procedure has been found to be a reliable tool for sequence analysis. The repetitive yield in a single degradation cycle is comparable to that reported by EDMAN and BEGG 2 as judged by the purity of the amino acid PTHs of the higher cycle numbers. The loss of protein in each degradation cycle, however, must have been essentially higher than 2 percent. All attempts to reduce the loss of protein, i. e. by restriction of extraction steps, led to a reduction of the repetitive degradation yield and/or to an increase of impurities. At the present time it can not be predicted how many degradation cycles are feasible when mass spectrometry is used for the identification of amino acid PTHs. In the work reported the automatic degradation procedure was stopped after 50 cycles.
The finding of glycine as the TV-terminal amino acid of sheep heart myoglobin instead of valine as reported by HAN et al. 1 can be due to the possibility that both groups deal with genetically different material. The TV-terminal amino acid sequence of sheep myoglobin shows three amino acid exchanges within the residues 1 -50 when compared with horse myoglobin and one exchange when compared with beef myoglobin 8 . Lys-Val-Glu-Ala-Asp-FaZ-Ala-Gly-His-Gly-Gln-Glu-Val-Leu-Ilehorse Lys-Val-Glu-Ala-Asp-lie -Ala-Gly-His-Gly-Gln-Glu-Val-Leu- Ile-31  35  40  45  sheep Arg-Leu-Phe-Thr-Gly-His-Pro-Glu-Thr-Leu-Glu-Lys-Phe-Asp-Lyshorse 46 50 sheep Phe-Lys-His-Leu-Lys horse Table 1 . Comparison of the TV-terminal sequences of myoglobins from sheep heart and horse skeletal muscles.
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